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Editorial Comment
Identification and Treatment of
Diastolic Dysfunction: Role of
Transmitral Doppler Recordings*
ANTHONY N. DEMARIA, MD, FACC
THOMAS WISENBAUGH, MD
Lexington, Kentucky
Recent studies (1,2) have reemphasized the importance of
left ventricular diastolic dysfunction in the production of
signs and symptoms of cardiac disease. Abnormal left ven-
tricular diastolic performance has been observed in patient s
with cardiac hypertrophy ( 1,3) and coronary artery disease
(4,5) even in the absence of impaired systolic function .
Accordingly, attention has been focused on the need for
accurate methods by which to assess the diastolic properties
of the left ventricle. Such assessment is of particular im-
portance with regard to therapy, because treatment directed
at systolic performance may be of no benefit or even det-
rimental to diastolic dysfunction .
Much of the dilemma in defining the role and optimal
therapy of diastolic dysfunction relates to the difficulty in
studying this entity . Most attempts to examine diastol!c
behavior have focused on the relation between change In
ventricular pressure and volume (6,7). Such measurements
have required invasive techniques that have limited the re-
peatability of evaluation and the potential to assess the ef-
fects of exercise.
Doppler ultrasound to study diastolic ventricular
function. In light of the difficulties in evaluating the pres-
sure-volume changes of the ventricle , many authorities have
turned to an evaluation of left ventricular filling dynamics.
Several studies have demon strated the ability to identify and
characterize abnormal diastolic function by means of as-
sessment of the pattern of left ventricular volume changes
during diastole. Thus , Hammermeister and Warbasse (8)
examined cineangiographic left ventricular volume curves
and demonstrated that the peak rate of passive diastolic
filling of the left ventricle was reduced in patients with a
variety of acquired heart diseases, and a greater proportion
of left ventricular filling occurred in late rather than early
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diastole. The filling characteristics of the left ventricle have
similarly been evaluated by radionuclide techniques (9), and
a greater proportion of left ventricular filling in the latter
stages of diastole has been demonstrated in patients with
coronary disease . Doppler echocardiography, by virtue of
the ability to record transmitral flow patterns, has also been
utilized to assess left ventricular diastolic filling. Recent
studies have validated the ability of Doppler ultrasound to
yield left ventricular filling patterns comparable with those
provided by angiographic (10) and radionuclide techniques
(II). Transmitral velocity recordings obtained by Doppler
ultrasound have detected abnormal left ventricular filling in
patients with dilated (12) and hypertrophic (13) cardi, -
myopathy as well as patients with hypertension (14).
Left ventricular diastolic dysfunction in hypertrophic
cardiomyopathy. In this issue of the Journal, Iwase et at.
(15) report their results in employing Doppler ultrasound to
study diastolic properties in hypertrophic cardiomyopathy .
Their data confirm the presence of diastolic dysfunction in
hypertrophic cardiomyopathy at rest, manifested by an in-
crease in the ratio of atrial to early rapid filling velocities
(AIR) and pressure half-time in patients with hypertrophy
compared with normal subjects. Both atrial and early passive
filling velocities, as well as AfR, increased in patients with
hypertrophy as well as in normal subjects after exercise;
however, pressure half-time increased in patients with hy-
pertrophy but decreased in normal subjects. In regard. to
therapy , Iwase et al. observed an increase in the proportion
of filling during early diastole with a decrease in the AIR
ratio and pressure half-time after diltiazem in patients with
hypertrophy at rest. Compared with the increase in the atrial
to early rapid filling velocity and pressure half-time recorded
with exercise before diltiazem, a diminution in both indexes
occurred after administration of this agent. Thus, data from
these Doppler studies I) detected abnormal diastolic be-
havior , 2) demonstrated a differential response of left ven-
tricular filling to exercise , and 3) indicated a beneficial ther-
apeutic effect of administration of a calcium entry blocker
in patients with hypertrophic cardiomyopathy.
Considerable efforts have been directed toward the iden-
tification of effective therapeutic modalities for diastolic
dysfunction. The Doppler findings by Iwase et at. indicate
that diltiazem is capable of producing favorable effects on
ventricular filling in patients with hypertrophic cardio-
myopathy . The precise mechanism by which this calcium
entry blocker produces its salutary effect is uncertain .
Neverthele ss, this study demonstrates the potential of Dop-
pler studies in assessing therapeutic interventions directed
at diastolic performance.
Methodology Attempts to interpret these data should be
tempered by the complex nature of diastolic function . It is
now well recognized that the performance of the ventricle
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in diastole is the net result of a numberof factors including:
myocardial relaxation, elastic recoil, overall chamber stiff-
ness and intrinsic myocardial stiffness (16). Moreover, di-
astolic events may be influenced by left atrial pressure, or
by right ventricular or pericardial constraints to distension.
Neither cineangiographic, radionuclide nor ultrasound mea-
surements can, of themselves, discern with precision which
of these measurements is responsible for the alterations in
left ventricular filling.
Several caveats also apply to the application of Doppler
recordings to the evaluation of diastolic properties. The
relative magnitude of the flow velocities recorded during
early rapid filling and late atrial contraction may be influ-
enced by a variety of physiologic variables including heart
rate and left atrial pressure. These two filling velocities
merge as heart rate increases, limiting exercise studies to
heart rates of less than 100 beats/min. Further, studies in
our laboratory have indicated that these Doppler measure-
ments may also be dependent on the position of the sample
volume with respect to the mitral orifice. Strictly speaking,
Doppler ultrasound provides information only regarding
transmitral velocity, and calculation of volumetric flow re-
quires assumptions regarding the cross-sectional area and
profile of flow that may introduce errors into the measure-
ment. Finally, volume is only one component of the pres-
sure-volume relation that characterizes diastolic behavior.
Preliminary studies have demonstrated that the relative pro-
portion of left ventricular fill ing dependent on atrial con-
traction may be increased in the presence of mild degrees
of diastolic dysfunction, but decreased in the setting of
severe increases of left ventricular stiffness (17). There-
fore, it is unlikely that any index of diastolic function de-
rived from Doppler transmitral velocity recordings will cor-
relate closely with specific measurements of impaired left
ventricular relaxation or compliance.
Clinical relevance. Recentstudies have yielded increas-
ing documentation of the importance of diastolic dysfunc-
tion in patients with cardiac symptoms. There has resulted
a need of proportionate magnitude to identify and evaluate
therapeutic agents capableof producing favorablealterations
in diastolic properties. Doppler echocardiography is a tech-
nique with many attributes that render it well suited to eval-
uating diastolic filling. It is noninvasive, readily repeatable
over time and does not utilize ionizing radiation. Further.
if heart rate response is limited to less than 100 beats/min.
Doppler study may yield valuableinformation regarding the
response of left ventricular filling dynamics to exertion.
Such studies not only should enhance our understanding of
diastolic dysfunction, but also may provide the ability to
unmask its presence by exercise and to assess its response
to therapeutic intervention.
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